BACKGROUND: The perishability of Brassica chinensis poses a major challenge to distribution and marketing. The aim of this work was to select a suitable modified atmosphere packaging to retain the overall quality and bioactive compounds during storage.
INTRODUCTION
Brasicca rapa L. ssp. chinensis is a variety of Chinese cabbage which belongs to the family Cruciferae. It is an important leafy vegetable that is cultivated in the Far East and South-East Asia. [1] It is also known as an exotic leafy vegetable in the UK and USA. [2] In South Africa, B. chinensis is a popular leafy vegetable among the local community because it is easy to cultivate with minimal management and is the cheapest leafy vegetable with the most readily available source of nutritional compounds and fibre. It is served as a side dish in cooked form with a thick starchy maize meal. It is known as a non-heading type of Chinese cabbage, [3] but it produces clusters of dark green leaves on short light green to white petioles. B. chinensis contains 1020 g Ca kg −1 FW, 26 g Fe kg −1 FW, 2305 × 10 −5 g β-carotene kg −1 FW, [3] and 10.926 µmol g −1 DW total glucosinolates. [4] The breakdown products of glucosinolates in B. chinensis are reported to reduce the risk of cancer. [4] On the other hand, Brassica vegetables also contain high contents of bioactive compounds including ascorbic acid and polyphenols contributing towards positive health benefits due to their strong antioxidant capacity. [5] Phenolic compounds are secondary metabolites that play a major role in the prevention of cancer and cardiovascular diseases. [6] Flavonoids are ployphenolic compounds that can act as antioxidants and B. chinensis contains flavonols (kempferol) ranging from 0.2002 to 0.25 g kg −1 edible portion. [7] Therefore, the nutritional status of B. chinensis, and its ability to grow quickly and become harvestable within a short period make it a potentially suitable crop for inclusion in sustaining nutrition-intervention programmes aimed at combating hidden hunger among rural Africans. [8] At present the fresh leaves are subjected to solar drying. [9] Complete drying could produce caramelised and crusted pieces. [9] Direct exposure to solar radiation destroys colour, vitamins and flavour. [9] On the other hand, after harvest, the leafy vegetables are prone to severe moisture loss due to their high ratio for the surface area to volume. This results in a series of physical and biochemical changes that cause loss of fresh weight, nutritional value (especially ascorbic acid), texture (shrivelling), colour (yellowing of leaves), flavour, taste, and rotting or spoilage, eventually making the vegetable unattractive and unsaleable. [9] Reducing these losses during harvest and post-harvest chain is an important part of sustainable agricultural development efforts to increase food availability. The application of modified atmosphere packaging (MAP) technology will be beneficial in reducing the loss of quality and quantity. [10] The bioactive compounds might be lost due to inappropriate storage conditions during marketing prior to consumption. Hence, it is necessary to investigate the influence of different modified atmosphere conditions at 10°C on bioactive compounds as well as on overall quality in order to make recommendations to the retailers marketing Chinese cabbage.
Therefore, this study aims to investigate the effect of different modified atmospheres created inside packages made from biorientated polypropylene -BOPP03, BOPP04, BOPP05 and BOPP06 -on quality parameters and bioactive compounds of Chinese cabbage (B. chinensis) during storage at 10°C from 2 to 10 days. ; and water vapour transmission rate of 11.8 × 10 −11 mol s −1 m −2 Pa −1 at 23°C and the proportion of material perforated was 0.008%, 0.001% and 0.09% respectively, for BOPP05, BOPP06 and BOPP04. The BOPP03 packaging was not perforated (according to the supplier).
EXPERIMENTAL
The unpacked leaves and BOPP packaging perforated with two 2-mm holes at the bottom (macro-perforation) were included for comparisons. All treatments, including leaves packed in the BOPP -BOPP03, BOPP04, BOPP05, BOPP06 -and the unpacked leaves were stored at 10°C, 80% RH for 10 days. The storage temperatures chosen for this study are representative of the retail display market conditions in South Africa. Each treatment had six replicates, each containing 232 g of leaves. Head-space gases CO 2 and O 2 were measured using a PBI Dansensor CO 2 /O 2 gas analyser (Checkmate 9900; Dansensor, Ringsted, Denmark) after removal from cold storage at designated storage intervals. Gas samples were analysed from three replicates of each kind of MAP containing the leaves of B. chinensis. The RH in the packages was measured at the end of the cold storage period with a hygrometer (HD 8501; Hanna Instruments, Padova, Italy). Leaf samples were removed after 2, 4, 6, 8 and 10 days and the changes with respect to quality and bioactive compounds in the leaves were investigated.
Quality analysis of leafy vegetable
The B. chinensis leaves subjected to all the treatments mentioned above in this study were weighed before and after 2, 4, 6, 8 and 10 days storage and data expressed as percentage weight loss. The degree of yellowing for each leaf was determined subjectively by three persons and scored on a scale of 1 to 5 (1 = dark green, 2 = light green, 3 = yellowish-green, 4 = greenish-yellow, 5 = yellow). [11] Post-harvest decay was assessed on a scale of 1 to 5 (1 = no decay, 2 = 25%, 3 = 50%, 4 = 75% of the leaf surface affected, and 5 = entire leaf decayed). Leaf colour was objectively measured with a Minolta CR-400 chromameter (Minolta, Osaka, Japan). The chromameter was calibrated with a standard white tile. In the CIE colour system, positive a* values describe the intensity of red colour, positive b* values describe the intensity of yellow colour and the L* value describes lightness (black = 0, white = 100). The colour changes were quantified in the L*, a* and b* colour space. Hue angle [(h° = 180 + tan −1 (b*/a*)] and chroma values [C = (a* 2 + b* 2 ) 1/2 ] were calculated from a* and b* values. The C* represents colour saturation, which varies from dull (low value) to vivid (high value); and the h° value is defined as a colour wheel, with red-purple at an angle of 0°, yellow at 90°, bluish-green at 180° and blue at 270°. Three measurements were taken per leaf, to the right and the left of the main vein (lower region) and closer to the tip of the leaf surface. Ascorbic acid content (AA) was determined from 10 replicate leaves per treatment.
Content of chlorophyll and carotenoids
Chlorophyll a (Chl a) and chlorophyll b (Chl b) were determined according to Wellburn.[12] The freeze-dried leaf sample powder 50 mg (three replicate samples per treatment) was mixed with 5 mL methanol (96 mL 100 mL −1 ) and extracted for 2 h. Thereafter, the sample mixture was centrifuged for 10 min at 4°C (9558×g) 
Changes in electrolyte leakage
Electrolyte leakage was determined according to Lu [13] on 10 leaf discs (50 mm diameter) cut with the aid of a cork borer. The leaf discs were agitated at 20°C for 1 h in 20 mL of distilled water. The electrolyte leakage (increased conductivity) was measured in (mS cm −1 ) of the solution. Thereafter, the leaf discs were boiled for 20 min and allowed to cool to 25°C and the total conductivity measurement was recorded. The electrolyte leakage was reported as the percentage of the total conductivity leaked per hour.
Content of total phenols and ascorbic acid
Total phenolic content (TPC) of the B. chinensis leaves was determined using the FolinCiocalteu assay [14] with some modifications. Total phenols were extracted from 400 mg of freeze-dried samples using10 mL of acetone (aqueous solution of 80 mL in 100 mL v/v). The sample mixture was then vortexed in the dark for 2 h. After extraction the sample were centrifuged at 11 000×g for 1 min. A 9 µL aliquot of the extract was added to 0.3 mL of Folin-Ciocalteu reagent followed by addition of 7.5 g 100 mL −1 of Na 2 CO 3 solution. Thereafter, the mixture was vortexed and allowed to stand for 5 min at 50°C for colour development. After 5 min the mixture was allowed to cool to 25°C and the absorbance was read at 760 nm using a multiplate reader (Biochrom Anthos Zenyth 200 Microplate Reader). Total phenolic compounds were calculated using a standard curve based upon gallic acid and expressed as mg of gallic acid equivalents (GAE) g kg −1 DW. AA content was determined from 30 g leaf using the 2,6-dichlorophenolindophenol titrimetric method. The results were expressed as g kg −1 FW. [15] Antioxidant activity Antioxidant activity was measured using the diphenylpicrylhydrazyl (DPPH; Sigma-Aldrich, Johannesburg, South Africa) scavenging assay. [16] Aliquots (100 µL) of leaf samplemethanol extracts (0.01, 0.015, 0.02, 0.025, 0.03, 0.035 and 0.045 mg mL −1 ) were mixed with 10 mL of 210 µL of 0.04 mmol L −1 of DPPH solution. The control samples contained all the reagents except the extract. After vortexing for 1 min, the reaction mixture was allowed to stand in the dark for 60 min at 25°C. Thereafter, the absorbance was measured at 515 nm (Biochrom Anthos Zenyth 200 Microplate Reader). Triplicate measurements were recorded and their percentage inhibition value was calculated according to the equation: scavenging activity (%) = [(A c − A s )/A c ] × 100, where A c and A s is the absorbance of the control and sample, respectively.
Overall appearance and odour evaluation
Overall acceptance and odour evaluation was carried out by 16 untrained panellists between 20 and 65 years of age (60% women and 40% men). The panellists were asked to assess the overall acceptance of the fresh product at each storage interval after opening the bags. The leaves were individually scored according to a structured hedonic scale from 1 to 10 (10-9 excellent, no defects; 8-7 good; 6-5 fair, with acceptable marketability; 4-3 poor; 2-1 inedible). In the case of odour, the following hedonic scales were used for evaluation: 10-9 typical odour; 8-7 slight off-odour; 6-5 moderate off-odour; 4-3 strong off-odour; 2-1 odour of fermentation. B. chinensis leaves that showed scores less than 5 were classified as unmarketable, whereas leaves that showed scores over 5 were classified as marketable.
Statistical analysis
The experiment was a completely randomised design with different numbers of samples (replications) for different variables and the experiment was repeated twice in order to confirm the observations. The treatment design was a 6 × 5 factorial with six factors for postharvest treatments or packaging (Control, BOPP, BOPP03, BOPPP04, BOPP05 and BOPP06) and five storage periods (2, 4, 6, 8 and 10 days). All variables measured were subjected to a two-way analysis of variance (ANOVA). Means of significant effects were separated using Fisher's protected t-LSD (least significant differences) at a 5% significance level. Data were analysed using the statistical programme Genstat for Windows 13th edition, 2010 (Adept Scientific plc, Amor Way, Letchworth, Herts, UK).
RESULTS AND DISCUSSION
Gas composition within the modified atmosphere packaging, weight loss and visual quality Analysis of the gas composition within the packages revealed different gas composition with respect to different types of MAP at equilibrium steady-state [BOPP03 (0.3% O 2 and 25% CO 2 ); BOPP04 (18% O 2 and 3% CO 2 ); BOPP05 (2% O 2 and 7% CO 2 ); BOPP06 (5% O 2 and 15% CO 2 )]. The gas composition within the BOPP was similar to the gas atmospheric gas composition (20.9% O 2 and 0.031% CO 2 ) (Fig. 1A and B) . The BOPP03, BOPP04, BOPP05 and BOPP06 contributed significantly (P < 0.05) to the reduction in weight loss of B. chinensis leaves, but no significant difference (P > 0.05) was observed between the different types of MAP (no data shown). In this investigation the percentage weight loss significantly (P < 0.05) increased for BOPP (2 mm, two holes) packed and unpacked B. chinensis leaves at 10°C with storage time. However, unpacked leaves showed the highest percentage of weight loss. Most of the weight loss can be attributed to water loss, and it has been reported that 86-90% of the total weight loss in broccoli (another Brassica vegetable) was due to loss of water. [17] Leaf yellowing was noted on the second day in unpacked control leaves and the severity of the yellowing increased with increasing storage time as shown in Fig. 2A . Leaf yellowing acts as a limiting factor apart from wilting especially with brassicas and it indicates that the product has reached the end of its shelf life. [18] The colour of the product is the major quality parameter that determines consumer acceptance. [11] Reducing the O 2 concentration showed a mediating effect on the rate of leaf yellowing by slowing the rate of colour degradation of the green leaves. Leaves packed in BOPP04 showed yellowing on the eighth day and it increased significantly (P < 0.05) with storage time, and this could be due to the higher O 2 composition with the packaging, at equilibrium steady state. The lower O 2 composition within the packaging reduced the rate of yellowing. [18] Although leaf yellowing was noted in BOPP (2 mm, two holes) on the eighth day, the severity was higher than the BOPP04 packed leaves and lower than the unpacked leaves. The other types of MAP tested in this investigation did not show leaf yellowing with increasing storage time at 10°C. 
Colour analysis
Colour parameters L* and C increased while h° decreased significantly (P < 0.05) in the unpacked leaves with storage time. Storage time showed a significant effect on L*, C and h° in this trial with respect to different types of MAP. The h° value can be used as an objective form of measurement that can show the small changes in colour. [18] A lower h° value results in an increase of leaf yellowing. The different types of MAP and storage time showed significant (P < 0.05) interaction on colour h° (Fig. 2B) . Among the MAP treatments tested, the effect of BOPP04 on colour value h° was significantly (P < 0.05) higher with storage time. According to our observations, B. chinensis stored in BOPP05 maintained the green colour during storage at 10°C for up to 10 days while the unpacked leaves, with a decrease in h° value, showed a progressive yellowing as the storage proceeded. Leaves packed in BOPP (2 mm, two holes) showed a lower h° value from the eighth day onwards. However, the perforated BOPP (2 mm, two holes) slightly delayed the decrease of h° value when compared with the unpacked leaves. MAP with the lower O 2 composition (∼2%) was effective in delaying the loss of the green colour. [18] Leaves in the BOPP03 became soft and olive green in colour on the eighth day. The elevated CO 2 concentration and lower O 2 concentration observed in the BOPP03 could have induced cytoplasm acidification and affected the mitochondrial function, which could have resulted in oxidative damage in leaf tissue. [19] 
Content of chlorophyll a, chlorophyll b and carotenoids
Chlorophyll is considered to be responsible for the green colour and changes in the chlorophyll content can act as a good index of leaf senescence during storage. The freshly harvested B. chinensis leaves contained 0.03556 g kg −1 DW Chl a, 0.01368 g kg −1 DW Chl b and 0.0035 g kg −1 DW carotenoid. The loss of Chl a, Chl b and carotenoid contents was significantly (P < 0.05) higher in unpacked leaves during storage at 10°C (Fig. 3A-C) . The degradation of chlorophyll is due to the chlorophyllase enzyme, which mediates conversion to pheophytin a and pheophytin b, respectively. [20, 21] Chlorophyll decomposition is linked to senescence and peroxidation of the cell membranes. [22, 23] However, the BOPP05 resulted in a substantial retention of chlorophyll and carotenoid content of B. chinensis. The low level of package O 2 composition played a major role in maintaining the chlorophyll and carotenoid content in the BOPP05 packed leaves significantly (P < 0.05) when compared to the other MAPs tested in this study. It is evident from this investigation that the maintenance of chlorophyll and carotenoid contents mainly depended on the steady state in package gas composition attained in different MAPs. Similar observations were reported in fresh cut spinach packed in a MAP. [24] In the BOPP04 the higher O 2 composition was responsible for the decrease in chlorophyll and carotenoid content. This could be due to the direct effect of O 2 on the enzymatic (peroxidase activity on cell membrane lipids) degradation activity on chlorophyll pigments. [23, 25] Higher CO 2 and lower O 2 composition within the packaging affected the chlorophyll and carotenoid contents in the BOPP03. A similar trend was observed in the BOPP06. Leaves packed in the BOPP03 showed CO 2 injuries on the tenth day, as shown by the changes in h° in Fig. 2B , which resulted in a decrease of chlorophyll and carotenoid contents on the tenth day. Although CO 2 injury was noted in the BOPP06 packed leaves, the severity of the injury was less than in the BOPP03 packed leaves. A gradual increase in the percentage of electrolyte leakage was observed in B. chinensis leaves packaged in different types of packaging over time (Fig. 3D) . The electrolyte leakage is generally considered as an indirect measure of cell membrane damage. [26] The BOPP05 significantly (P < 0.05) reduced the percentage of electrolyte leakage in B. chinensis leaves in comparison to the other types of packaging. This observation clearly states that the tissue senescence was delayed in BOPP05 packed leaves. According to Fig. 1A and B the BOPP03 treatment showed a rapid increase of CO 2 and decrease of O 2 and the observed electrolyte leakage was likely to be due to the cell membrane damage caused by low O 2 and high CO 2 injury. Therefore, the observed decrease of chlorophyll and carotenoid contents in BOPP03 could be linked to cell membrane damage and loss of cell membrane integrity. [27] Ascorbic acid, total phenols and antioxidant scavenging activity
The loss of AA content was significantly (P < 0.05) higher in the unpacked and BOPP (2 mm, two holes) packed leaves with storage time (Fig. 4A ). Higher AA retention in broccoli stored in a MAP was reported when compared to unpacked broccoli. [28] In unpacked leaves, the soft leaf tissue would have lost AA rapidly as a result of water loss and exposed AA to oxidation. [29] On the other hand, the cell wall bound enzyme ascobate oxidase, which facilitates oxidation of AA to l-dehydroascobic acid, might be released as a result of water loss and tissue damage. [30] Although the application of different types of MAP helped to reduce water loss and retain AA compared to unpacked leaves and BOPP (2 mm, two holes) a decrease in AA with storage time was observed in different types of MAP. The higher CO 2 and lower O 2 concentration within the BOPP03 packaging affected the AA content. Apples, red currents and conference pears also showed higher losses of AA under elevated CO 2 atmospheres. [31, 32] Higher CO 2 may stimulate the oxidation of AA probably due to the activation of ascorbate peroxidase. [33] Higher O 2 composition was responsible for the loss of AA in the BOPP04 packed leaves. The AA and carotenoids are two common antioxidants identified in vegetables that prevent the degradation of chlorophyll. [34] In this study the BOPP05 significantly (P < 0.05) retained the ascorbic acid content from the eighth day onwards.
TPC increased with storage time in unpacked and perforated BOPP packed leaves (Fig. 4B ) due to wilting, causing water loss and breaking down of the leaf tissue, [35, 36] and accumulation of phenolic content was reported during post-harvest senescence by Leja et al. [37] The gas composition in the different types of MAP affected the TPC. The BOPP05 showed significant variation in the TPC with storage time; however, in a comparison of the BOPP, BOPP03, BOPP05, BOPP06 films and the unpacked leaves, the variation in the TPC was kept at a minimum in the BOPP05. The TPC was significantly (P < 0.05) lower in the BOPP03 treatment throughout the storage in comparison with the other treatments. The BOPP03 film influenced the increase of CO 2 composition (25%) around the leaves and the CO 2 injury caused was clearly shown by the changes in h° values mentioned in Fig. 2B and the observed electrolyte leakage in Fig. 3D .The higher O 2 concentration within BOPP04 affected the TPC in B. chinensis leaves. Antioxidant capacity or scavenging activity is a desirable attribute for marketing the potential health benefits of fresh fruit and vegetables. Figure 4C shows the effect of different types of MAP and storage time on the antioxidant scavenging activity of B. chinensis leaves stored at 10°C. The in-package gas composition in the different types of MAP and the storage time affected the antioxidant scavenging activity in B. chinensis leaves. Changes in antioxidant scavenging activity were consistent with the depletion in AA and TPC throughout the storage time with respect to the different types of MAP. B. chinensis leaves in the BOPP05 showed the highest antioxidant scavenging activity with the highest TPC and AA on the tenth day of storage. The different types of MAP and storage time showed a significant (P < 0.05) effect on the bioactive compounds TPC, AA and antioxidant scavenging activity. 
Overall acceptance and odour evaluation
Overall acceptance by the panellists was observed to decrease with the storage time for the leaf samples subjected to different types of MAP. The different types of MAP and storage time significantly (P < 0.05) affected the overall acceptance of the B. chinensis leaves. Leaves packed in the BOPP05 showed significant (P < 0.05) differences when compared to the other treatments, maintaining the overall acceptance throughout the storage (2-10 days) and remaining marketable (Fig. 5) . On the other hand the unpacked and BOPP (2 mm, two holes) packed leaves were marketable on the second day at 10°C. However, on the fourth day the BOPP (2 mm, two holes) packed leaves remained marketable but the unpacked leaves became unmarketable. Leaves packed in the BOPP03 and BOPP04 were marketable up to the fourth day while the BOPP06 retained the marketability of the leaves up to the sixth day. On the eighth and the tenth days leaves packed in BOPP05 still remained marketable. The CO 2 (15%) in the BOPP06 affected the leaf colour due to the CO 2 injury after the sixth day. Wilting and leaf yellowing were identified as major factors associated with limiting marketability in the unpacked leaves. Leaf yellowing became a limiting factor for marketability for the BOPP04, while the CO 2 injury (brown discolouration) affected the BOPP03 and BOPP06 packed leaves. The type of MAP and the storage time significantly (P < 0.05) affected the odour of B. chinensis leaves. The BOPP05 packed leaves showed acceptable odour (score 8-7) up to the tenth day. Leaf samples in the BOPP03 and BOPP06 showed fermented odour (score 2-1) from the sixth day and eighth day onwards, respectively (data not shown). Under atmospheres <0.5% O 2 or > 10% CO 2 severe off-odours could develop and affect the shelf life and the marketability of the product. [38] [39] [40] The B. chinensis group (pak choi) leaf blades were reported to produce significant amount of methanethiol, [15] a volatile compound that is responsible for the unpleasant odour and its production increased under the anaerobic atmospheres and this could be the reason for the observed unpleasant off-odours noted by the panellists.
CONCLUSION
The results obtained from this study provide evidence for the ability of the BOPP05 (2% O 2 and 7% CO 2 ) packaging to minimise post-harvest deterioration and maintain the overall quality of B. chinensis leaves at 10°C (supermarket shelf temperature). The BOPP05 enabled the retention of the chlorophyll a and b content, ascorbic acid, carotenoids, total phenolic compounds and antioxidant scavenging activity. Application of BOPP05 is a promising method for extending the shelf life of B. chinensis leaves in order to promote its utilisation and commercialisation via urban fresh-produce markets.
